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TESTS OF FIVE FULL-SCALE PROPELLERS IN THE PRESENCE OF A RADIAL AND A
LIQUID-COOLED ENGINE NACELLE, INCLUDING TESTS OF TWQO SPINNERS

By Davip BiegMaNN and Epwiy P. HarTuan

SUMMARY

Wind-tunnel lesis are reported of five 8-blade 10-foot
propellers operating in front of ¢ radial and a liguid-
cooled engine nacelle. The range of blade angles investi-
gated extended from 156° to 46°. Two spinners were tested
in conjuncltion with the liguid-cooled engine nacelle.
Comparisons are made between propellers having different
blade-shank shapes, blades of different thickness, and
different airfoil sections.

The results show that propellers operating in front of
the liguid-cooled engine nacelle had higher take-off effi-
ciencies than when operating in front of the radial engine
nacelle; the peak efficiency was higher only when spinners
were employed. One spinner increased the propulsive
eficiency of the liguid-cooled unit 6 percent for the highest
blade-angle setting investigated and less for lower blade
angles. The propeller having airfoil sections extending
into the hub was superior o one having round blade
shanks. The thick propeller having a Clark Y section had
a higher take-off efficiency than the thinner one, but iis
mazimum efficiency was possibly lower. Of the three
blade sections tested, Clark ¥, R. A. F. 6, and N. A. C. A.
2400-34, the Clark Y was superior for the high-speed
condition, but the R. A. F. 6 excelled for the take-off
condition.

INTRODUCTION

A series of tests of full-scale propellers was made in
the propeller-research tunnel during the first part of
1937. Published reports of the series cover separate
subjects as: compressibility effects (reference 1), solidity
(reference 2), negafive thrust and torque (reference 3),
and blade section (reference 4). The results of tests of
five propellers are published in the present report, the
purpose of which is twofold: first, to present design
data from tests of four 3-blade propellers made in the
presence of two popular body types; and, second, from
the test data for all five propellers, to make incidental
comparisons regarding the effect of: body shape and
size, spinners, blade-shank shape, blade thickness, and
blade section. The concrete data should be of value in
design work because two of the propellers are in fairly
wide use and the body types are representative of those
in common use. The comparisons may be of value in
the determination of some of the elements of the basie
design of airplanes and propellers.

APPARATUS AND METHODS

The propeller-research tunnel has been modified since
the description of reference 5 was written'to the extent
of installing an electric motor to drive the tunnel pro-
peller and of replacing the balance with a more modern
one capeble of simulteneously recording all the forces.

A 800-horsepower Curtiss Conqueror engine (GIV-
1570) was used to drive the test propellers. The engine
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F1auRE 1.—Drawings of engine nacelles.

wes mounted in a cradle dynamometer free to rotate
about an axis parallel to the propelier axis and located
at one side of the engine. The torque reaction was
transmitted from the other side of the engine to record-
ing scales located on the floor of the test chamber.
The propeller speed was measured by a calibrated
electric tachometer.

A scale drawing of each nacelle is given in figure 1.
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A perforated plate was used to simulate in air resistance | of different rates of air flow through the plate indicated
a radial engine in those tests in which the radial engine | that the effect was negligible.
cowling was used. (See fig. 2.) The cowling was [ Theliquid-cooled engine nacelle was tested with threo
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Fiaurx 2.—The radial engine nacelle. F1Gurx 3.—The liquid-cooled engine nacelle with round nose.

nose conditions: a round nose, which was the standard
condition for nearly all the tests, and with two spinners
of different size. The nacelle with the round nose is

peller slipstream and, consequently, the propulsive

selected because its drag was not sensitive to the pro- l
efficiency was not abnormally affected. Air was al-

F1GURE 4£.—The liquid-cooled engine nacelle with spinner 1.

Fi6URE 5.—The liquid-cooled englne nacelle with spinner 1 and blade-shank cufls
lowed to flow through the plate at a rate corresponding

to that for & normally baffled engine. Separate tests

shown in figure 3 and with spinner 1 in figure 4. An
to determine the effect on the propeller characteristics

effort was made to reduce the drag of the round blade
shanks that extended out from spinner 1 by stream-
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lining them with thin sheet-metal cuffs. These cuffs,
shown in figure 5, extended along the blade shanks for
a distance of about 4 inches beyond the spinner and
were secured to the spinner. The blades were thus
enclosed for a distance of about 24 percent of the radius.

Tive 3-blade propellers (fig. 6), all having diameters
of 10 feet, were tested. Blade-form curves are given in
figures 7 and 8. The propeller dimensions are given by
the following notation: D, diameter; R, radius to the
tip; r, station radius; k, section thickness; b, station
chord; p, geometric pitch. Figure 9 shows the section

The principal propeller dimensions are given in the
following table:

Diam- "

5D at b ab Shank

Propeller drawing nomber (?;:E) Section 0.75R 3‘751? shape
Burean Aeronsanties 10 | Clack Y.} 0.061 |} 0.0¢ | Round.
Hamilton Standard IC1-0] 10 do. .05 | .07 | Airtel.

t Hamilton Standard 6101 10 do. .058 .07 | Round.

1 Hamilton Standard 8120 10 | R.AF.6.__| .05 07 Do.

1 Hamilton Standard 6131 10 | N. A, 351. Al .0 .07 Deo.

t Controllsble.

8101
6129
8131

1C1-0

FIGCRE 6.—The propeller blades tested.

outline and gives the ordinates for the three blade sec-
tions incorporated in the different propellers. It may
be noted that the N. A. C. A. 2400-34 airfoil section is
modified for propeller design by changing the thickness
with respect to the mean camber line. The camber
therefore remains constant for the whole blade, whereas
the camber increases with blade section thickness for
propellers having the Clark Y and R. A. F. 6 sections.

It may be noted from the table that the essential
difference between propellers 5868-9 and 6101 is the
blade thickness although propeller 6101 has a slightly
larger shank diameter and & different hub, which should
not appreciably affect the results. These two propellers
probably represent the upper and lower limits in
thickness ratios for present-dey aluminum-slloy pro-
pellers.
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Propeller 1C1-0 was included in the series hecause it
differed from 6101 only in the shank shape and, inci-
dentally, in the hub design.

Propellers 6101, 6129, and 6131 constitute & series
differing only in blade section. These propellers were
whirl-tested (reference 6) and flight-tested at Wright
Field previous to the present investigation.

The method of testing in the propeller-research tun-
nel consists in maintaining the propeller speed constant
and increasing the tunnel speed in steps up to the
maximum value of 115 miles per hour. Higher values
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Ficurk 7.—Blade-form carves for propeller 53688,

of V/nD are obtained by reducing the engine speed
until zero thrust is reached.

The tests reported in reference 1 showed that losses
in efficiency occurred at tip speeds above 600 ta 800 feet
per second, depending principally on the blade angle and
the V/nDrange. At slightly lower tip speeds the values
of the thrust and the power coefficients, but not the
efficiencies, were affected by compressibility. The pres-
ent tests were therefore run at tip speeds of 525 feet
per second and less to avoid complications arising from
compressibility. The standard initial testing propeller
speed of 1,000 r. p. m. could not be maintained for the
higher blade-angle settings owing to the limitation of

REPORT NO. 842—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

engine power; the following schedule was therefore
adhered to:

Propeller speeds for tunnel speeds below 116 miles per hour
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FicurE 8.—Blade-form curves for propellers 6101, 6120, 6131, and 1C1-0.
The approximate test propeller speed may be com-
puted from the relation r. p. m.=TKnﬁ, for 7'/nD

values higher than can be obtained from the foregoing
schedule, where K=1,000 for V=115 miles per hour
and D=10 feet. The tests reported in reference 1 were
confined to tip speeds above about 600 feet per second,
so the use of the data in this reference for corrceting
coefficients for normal-flight operating speeds would
necessitate neglecting any effects occurring ab lower
speeds. Unreported date obtained during these tests
indicate that this procedure would entail little, if any,
error.
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RESULTS AND DISCUSSION 8lade widih, &

The results are reduced to the usual coefficients of

thrust, power, and efficiency defined as: ost 7 2 3 4 5 £ 7 £ = 10
e% Clark Y
Coe effective thrust  T—AD
™ pntD* oniDt
Station Upper ordinate Lower oardinate
Maximum ordinate Maximnm ordinate
Co— ngme power =
P= 5798 -
on’D & %5 %%
C. V 3 5 o
and = r_r_ : .3 1.00 0
CenD : 4 3 S
: 2 s
where p, the mass density of air. Ig Zgz g
n, propeller speed. : .
D, propeller diameter. L. E. radlus 015
AD, increased drag of body due to propeller T E. radius - 077
slipstream. Clark Y

In addition to plots of these coefficients against V/aD,
charts for the selection of propellers are given. These

charts are based on the speed-power coefficient C,
defined as:

H
7

ogl 2z 3 4 5 &£ 1 &8 .9 L
5 [pV% 43 R.AF.8
Ce=: Pn? -
Statlon | e Ordinate
. Maximum ordinat
The test results have been tabulated in ten tables v orcnate
and are available on request from the Nationsal Advisory 0.0% 0.4l
Committee for Aeronautics. The experimental results -0 -5
are presented in chart form in figures 10 to 46. For -3 it
ease of reference, the figure numbers are listed in the 5 -
following table: 7 5
BASIC DATA % ]
Propeller | W L. E. redlus..._._. 0.10
Bods peller | Flgures T E. redlus. oo T
5868-9 10-13
Radial engina nacelle sig1 11 R.A.F.0
6181 225
58680 3620 {.E Rad. =
Liquid-cooled engine nacelle. ..o oo ooeoeeseeccnnncamnes { % gg_—g_a( Ld’f//_f AP F-E.Rad -
8131 H‘i ’:.‘ ¥ - t .
02'2 Al 2 3 4 5 £ 7 8 8 o I
SPINNER RESULTS AND COMPARISONS H N.A.C.A.2400-34
Sublect Propeller Figare Statfon | af6 | kuft=baft
Spluners 53689 & g.025 | 0.00225 | 0.2160
Blade shank. --—ooo-- oo oo 6101 8nd 1030 - 3 .05 L0038 | 2088
Blada thickness. . oooooooeeo --} 58689 and 6101 44 .1 3845
Blada section o] } 6101, 6120, and 6132 ________________ 45 .2 0148 AT
Bady. - All propellers. oo oo 48 .8 0185 . 5000
.4 0201 .4808
.g 0198 .ﬁ
BASIC PROPELLER DATA ot e -3
) ) ) it ~0085 1838
The chief purpose of this report is to supply propeller
data for design purposes. Complete sets of curves of L-E.mdius. .- 0.1
the basic coefficients for each of the propeller-body
combinations are given for four propellers, two of by chords ¢, thickmess

which (propellers 5868-9 and 6101) are in common use. | ricer s.—Basic propeller sections. Afrfoll specifications {aken from reference 8
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G
Ficurx 20.—Design chart for propeller 58¢8-9, 3 blades, liquld-coocled engine nacelle.

S8E=F=
N g e — N\
pESNESRNUERS
‘\:: ‘\\\“—:\\\ N,
WL 4o, \\ \\ \\. (\—_\‘ \\\
N AN N
NN NANEEN N\
NEENELAERNEAY N
PEEAUENELENNE \
\\ \\ \\ SEN \\
N,
.08 4
\NAEE VEASE\EENEEEA
N A M
.06
VA N NN
0 N \ \ N
NEAEENER \ \ N
\/5° 20° \25° 30° \&5‘ \4 o N 45° Blade angle
.02 9 h— of 0758 —
\ NEAEEIEEL W EEE
\ N\
o A 5 8 /.D ¥ 74 16 1.8 2.0 22 24 2.6 28 '“_
v/nD
FIGURE 28.—Thrust-coefficfent curves for propeller 5568-9, 8 hlades, liquid-cooled engine nacelle.
[ |
& e g I I+ I~ Y]
v ) NUCE N NN s
7 YA pd /5 ANEZNANR SN -
& /c / // J 20° B P _
NV YA AL =i Ya0°
4 A LA A4 O e I O
A X ’ A // L4 [~
4 ‘/ / i 2 A 1 | -35°
) AA YV YV T 1 -7 =
/ /;7//;/ // L~ A ] —1
YA 1 20° 5
2 ,7/‘/ 7 A /// = .
% P TS .
> | | +-z ]
ZZEdPZzaul IR
7 /L/jl// L~ e izal ro
L1 2 45° Blode angle of 0. 75R
A A L LT ]
P77 ST P
/,‘%Z'/A.':/_ine of maximum_efficiency for C, s
o .
&
o 5 70 /5 20 Z5 20 35 ¢



604 REPORT NO. 842—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

26
11 Jed |
34 N6 )
¥ // Il \'/55
'[ // / I)“ /5
32 7 % /I 7/ /45
I~ 17 Jili / ./4/?5 o 15°
| Vi ra Py f » - .
.30 /7 _\7:. ’/ ,/ /, / \\ e xza.}anhf Field whirl rig t—1-
TN 7 t
.28 / TV // [ LA ’ TN do
/ / / < / / / //’ " \/'/2 -
2514 // Ny LA A //\
/\ £ / I/ /‘1 // / Vi \ / I S
[~ [l 4 X ’ 4
-24 7 7 II / L £ 2 -
AP A A A A -
‘22 A \A / II Y ./\/ 1/ 1/ -J PR B RPN
/ VAN N A VNV | ke
7 7
20 '~ i £ / y) \( yRvi )\ / // \
s T4 F VN y i 7
s ANAEVEA W BAVAVEVEN.L
8 /y\L il i N7V W /\‘ ,// ) \ 224
o pAA ALY NA LA LY L A |
6 ) AL AV X W )08 il .
A AN A VNI A XL L PN 7 A
_,4“/7"" -7‘ _ / / / // VA WD 4 // ,i(/ £ X AL &% -
AL TR A TN TP INA o N s ami
gelt A VI A KA 4aNA ] L A l -
Wi A 4’/ // // Vi // ya +” ,\/ / \ .03
¥ 7 7 A 7 rd Pd
Wis /I / / 4 t /] A / L1 A // /y - \/,/ //,\ __—
VAN VLN AN L A LA | L | o2 4
08\ 4 XAV NAAX I AT N AT DN T 1A |
V /¥ A7 A4 ALA I N LA\ 1 \os
el TR AN S TR T LR T LA 1
7#_/44////4,// 1 | \‘ — \ i P \ P
ol L LT R XA N T L T =
\< ~4 - //)( A" /’ \
.02 i A sl W O B L B 2 A \
NEdArTes\ | | +17% \
a 20 - 1 ] v
153N =57+ 301\ | 759\ 40 459\8tode cangle at 0.75 R
] 2 4 N-) .8 L0 L2 L4 16 18 20 22 24 26 28 30 3& 34
V/nD

F1GURE 30.—Power-coefAiclent curves for propeller 6101, 3 blades, liquld-cocled engine nacells,

1.0

A AT X BN
e

<]
™

N
\ \\ \\ >\
)\
NN N
P
1

4
gl \ \ \ \

S Z A /5° 207 \\25" 30° \\35' \40° \45- Brace angie |

o 2 Z 5 8 10 12 \ I%D 1.6 La_ 20 \2.2 24 26 28

F1GURE 31.—Efclency corves for propeller 6101, 3 blades, Hquid-cooled engine nacelle.



FIVE FULL-SCALE PROPELLERS IN THE PRESENCE OF A RADIAL AND A LIQUID-COOLED NACELLE 605

/8

G
FIGURE 33.—Design chart for propeller 6101, 3 blades, liguid-cooled engine nacells.
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Use of data.—The computation of thrust at all air
speeds is facilitated through the use of lines of constant
Cr superposed on the power curves. Thrust coefficients
are also given in the usual! type of plot. The use of
the combined Cr and Cr curves is illustrated in the
following outline:

Computation of thrust for a constant-speed con-
trollable propeller:

. Compute (, from design conditions.
. Determine V/nD from C, chart.

. Compute diameter from 17/nD.

. Solve for (', Co=power/pn?D".

5. Determine Cr for several values of 1/nD from the
combined (7 and - curves. Follow the line of con-
stant Cp.

6. Solve for thrust, T=Crpn®DA

7. Solve for velocity from assumed V/nD.

Computation of thrust for a fixed-pitch propeller:

1. Compute C, from design conditions. -

2. Determine (V/nD)g. and blade angle from C,
chart.

3. Sdlve for diameter from (V/nD)unas.

4. Solve for Cp for high speed (Cp,,,)-

5. Determine C» and (& for several values of VinD
from the combined Cr and Cr curves. Follow the line
for constant blade angle.

6. Solve for N/Np, from relationship N{Nye.=
-\!Opnu/Op- (This relationship is based on the assump-
tion that the torque is constant for small changes in
engine speed for a constant throttle setting.)

7. Solve for V/Veae from the relationship V/Viye,—
(VinD) N ‘

Ha 02 1D =

(VimD)mer Nmax
8. Compute thrust from T=Crpn*l?*
_ OP maz
=Cr—g=

where K= pn’nﬁD‘ 1
n, propeller speed, r. p. s.
N, propeller speed, r. p. m.

Static thrust and power.—The static thrust and
static power coefficients, obtained from the Wright
Field tests of propellers 6101, 6129, and 6131 (reference
6) are shown (figs. 14, 16, 18, 20, 22, and 24) for the
purpose of comparison. It may be noted that the
Wright Field date check the present data closely for
certain conditions and poorly for others. Particularly
poor is the check for propeller 6131, for which there is
a consistent difference of 15 to 20 percent. This lack
of agreement is not particularly disturbing because
there are several important differences in the method
of testing. The whirl rig at YWright Field is in the open
air and represents the same conditions as encountered
with 2 stationary airplane on the ground. The for-
ward speed is zero and the V/nD is consequently
assumed fo be zero; whereas, the slipstream of the pro-
peller in a wind tunne! creates a circulation of air
through the tunnel and the V/nD is computed from

the measured velocity. The wind-tunnel results are
extrapolated to zero T/nD. There is some question
as to whether the assumed velocities are entirely com-
parable for the two conditions. Furthermore, the body
conditions were different for the two tests. It is well
known that large bodies slow up the air passing through

the propeller disk, thus causing the propeller sections

to operate at higher angles of attack. This effect is
brought out clearly in the present report. Also, it is
possible that the blade-angle setting for propeller 6131
was different for the two tfests since the differences
noted are consistent.

SPINNER RESCULTS AND YARIOUS OTHER COMPARISONS

The material for this report was selected with the
view to presenting information regarding the effect of
current body styles on propeller characteristics as well
as of presenting the sctual propeller data. An im-
portant modification of the liquid-cooled engine nacelle
is that of the spinner. Spinners were not tested on the
radial engine nacelle because previous tests indicated
no serodynamic sdvantage. As the shape of the pro-
peller-blade shank is closely ellied to the subject of
spinners, data for two shank shapes are included. An
incidental comparison of blade-thickness effects is made
because the results are of interest. A comparison is
also made of three blade sections; this material is of
an incidental nature because 8 separate report covers
this subject (reference 4). The propellers for the two
reports, however, are different.

Spinners.—The aerodynamic purpose of a spinner is
to reduce the body drag, to reduce the drag of the hub
and of the shank portions of the blades, and to reduce
the engine torque required. In order to fulfill this pur-
pose, the spinner should fair smoothly into the outlines
of the body and yet enclose the hub and the round por-
tions of the blade shanks. Two sizes of spinners were
tested, both fairly large, as may be noted from figure 1.
The results of the tests, given in curve form in figure 42,
were computed on two bases: on one basis, the redue-
tion in body drag due to the spinner is eredited to the
body and consequently does not show up in the propul-
sive efficiency; and, on the other basis, the reduction in
body drag is credited to the propeller and shows up as
8 gain In propulsive efficiency. In the first case, the
spinner is assumed to be a part of the body, the results
being shown as solid lines; and, in the second, to be 2
part of the propeller, the results being shown as broken
lines. Both methods, of course, show any gains in pro-
pulsive efficiency resulting from covering up the hub
and shank portions of the blades.

An anslytiecal summary of the results is given in the
following table. Of interest is the fact that the smaller
(spinner 1) of the two spinners is superior. Also, the
advantage of spinner 1 increases with blade-sngle set-
ting, the gain in efficiency being only 1.5 percent for 15°
and 6.0 percent for 35°. Of this 6.0 percent maximum
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gain, 4 percent is due to covering up the bub and the
shank portions of the blades and only 2 percent-is due
to reduced body drag.

The addition of streamline fairings over the shank
portions of the hlades, extending out from spinner 1
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FIGURE 44.—Comparison of two propellers differing essentially In thickness.
Liquid-cooled engine nacelle,

a distance of about 4 inches (see fig. 5), increased the
efficiency an additional 1 percent for the one blade-
angle setting investigated, 25°. The value of 1 percent,
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however, is within the experimental crror for this par-
ticular test.

SUMMARY OF RESULTS WITH SPINNERS

Galniny Total gain
%?g’g dusto | I8 1" Gue to
at 100 spinner lower spinner
o, % 7 [g;r Snpln- body [;;r pla-
Cowling nose | - il drag .
ring nose | gy | (@OSBIE- | [ya—na] | (P 2NIE
Blade
a.n_xl)e 15° {25° { 35° | 15° | 25° | 35° {15°]23°135% | 15°]35°135°}18°| 25% 35"
No spinner.. 59.0|81. 586. 5/85, 0]8L. 5180, 5/85. 0)_-. o
pinner I...___ 57. 0}82. 5/87. 5|89, 0{83. 0{88. 5{01. 0/1.0jL 0}4. 0]0. & 1. 012 11 H2. 0.8 0
Spinner 2...... 56, 5|82 0|87. 0{88. 0182, 5!58. 0900} . 68! . 8;3.0} .5[1. O}3. 0L 0L 5[8.0
Spinner 1 end
o ¢ TR 87.0] - _188.0} . cncfuee- 80,0 oo |l L B || L O e 2 5.~

Body dreg includes support drag.

ye I8 the efficlency computed usInz drag of body with spinner In placs, spinner
essumed to be & part of the

mis theoell)l;c'lleggt %} T gxg‘% [L)xeshs:g drag of body with no spinner (59 lb.}, spinnoer

Blade-shank shape.—Propeller 6101 has round shanks
extending from the controllable hub for 6 or 8 inches
before the transition from round to airfoil shape is well
under way. Propeller 1C1-0 is of the same design, ex-
cept that the airfoil shape is carried to within an inch
or so of the adjustable hub.

The results of tests of these two propellers mounted
on the radial engine nacelle (fig. 43 (a)) indicate an
advantage in favor of propeller 1C1-0, particularly for
the highest blade angles. A small difference in V/nD
for zero thrust indicates that the airfoil shanks contrib-
ute to the thrust. The advantage of propeller 1C1-0is
greater for the liquid-cooled engine nacelle. (See fig.
43 (b).)

Blade thickness.—Propeller 5868-9 is about 29 per-
cent thicker at the 0.75R station than propeller 6101.
(This greater thickness means that the camber also is
29 percent higher for propeller 5868-9 than for propeller
6101.) The difference in width is unimportant sinco
the magnitude is only about 8 percent. A comparison
of these propellers tested in front of the liquid-cooled
engine nacelle (fig. 44 (a)) roveals three interesting
results: first, there is little or no difference in maximum
efficiency; second, the thick propeller (5868-9) has an
appreciably higher efficiency in the take-off and climb-
ing range; and, third, there.is a small difference in
VinD for zero thrust. The third point merely indicates
that the thick propeller has the higher serodynamic
pitch, as would be expected.

A comparison of the propellers for the high-speed and
the take-off conditions for controllable operation is given
in figure 44 (b). This plot brings out the advantage of
the thick propeller for take-off but there is an indication
that some sacrifice, however small, is made at highspeed.
The apparent reason for the advantage of the thick pro-
peller at low V/nD operation is the delayed stall of the
gections resulfing in a higher lift or thrust coefficient.
(See fig. 44 (a).) This effect of thickness (or camber)
is substantiated by more general tests reported in
reference 7.
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It may be well to point out here that thick propellers
lose more in take-off efficiency owing to compressi-
bility at high tip speeds than do thin ones. (See refer-
ence 1.) Compressibility effects will equealize the take-
off efficiencies of propellers of different thickness when
the tip speed is sufficiently high.

Blade section.—The relative merit of the different
blade sections investigated is shown by figure 45. In
figure 45 (a) a comparison is made for the cruising and
the take-off conditions using the data for the radial
engine nacelle. The order of decreasing merit of the
sections for cruising is Clark Y, N. A. C. A. 2400-34,
and R. A. F. 6. The difference between the first two
sections is only about I percent, well within the experi-
mental error, while the difference between the Clark Y
ang the R. A. F. 6 is between 2 and 4 percent. The
efficiency of the R. A. F. 6 propeller is several percent
higher than the Clark Y for the take-off condition
and the Clark Y is likewise more efficient than the
N. A. C. A, 2400-34. It may be seen, by reference
to the basic data, that superior take-off characteristics
are a result of a delayed stall and higher thrust coeffi-
cients.

It should be pointed out, also, that the R. A. F. 6
section is more sensitive to compressibility than the
other two sections for the take-off condition; therefore
the efficiencies tend to equalize as the tip speed is
increased. (See reference 1.)

The relatively poor teke-off characteristics of the
propeller of N. A. C. A. 2400-34 section were expected
for these low tip speeds because of the low maximum
lift coefficient of the section. This section was devel-
oped for high tip speeds and should properly be used
only for the tip sections, inasmuch as its principal
merit is the later compressibility stall.

Figure 45 (b) shows the same comparisons and the
same order of merit for the liquid-cooled engine nacelle
as were shown for the radial engine nacelle. The
cruising efficiency of propeller 6131 (N. A. C. A. 2400-34
section) seems low in comparison with propeller 6101
(Clark Y section), which suggests an error of 1 or 2
percent. The take-off efficiency of all three propellers
tested with the liquid-cooled engine nacelle is con-
sistently several percent higher than with the radial
engine nacelle. This result is probably due to the
influence of the body on the stalling of the blades.
The radial engine body, being larger, slows the air and
causes an earlier stall than the liquid-cooled engine
body.

It should be pointed out that the foregoing compari-
sons were based on propellers of the same diameter
for the same design condition. This basis was deemed
better than any other since the take-off efficiency is
very sensitive to changesin diameter whereas the design
efficiency (high speed or cruising) is only slightly sensi-
tive. Had the diameter been allowed to vary, depend-
ing upon the ¥V/nD chosen for maximum efficiency, there

would have been large differences in take-off efficiency
due entirely to the differences in the diameters.
Body.—The relative effect of the two bodies on the
characteristics of the five propellers tested is given by
figure 46. The maximum efficiencies of each propeller
appear to agree fairly closely for the two body conditions,
with the exception of that for propeller 6131, which was
previously mentioned as probably being slightly in
error. There are two opposing factors that tend to
keep the maximum efficiencies the same for the two

e T L T 1
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| T T
-8 W \|6129 [RAF. 6 secition)
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Cruising céndi;l‘fon
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(a) Radlal engine nacelle.

10 T 1T 1 7
6101 (Clark Y section/
*
8—= e e =
- 2 BI3 (NA.CA. 2400-34 section
Terz9 6129 (RAF. 6 : Y/
& Cruisit cma’i)lion
7 ===
/ 4%
‘ A 629 propeller
: - ~J60f .
A= 16131 -
2
Take-off condifion~Cy=0.25Cs,,,
(b}
0 ]

1L 4 18 2z 26 30
Design G

(b) Liquid-cooled engine nacelle.

FiaurE 45.—Comparison of three oontrollable propeilers having different alrfolt
sections. Al are the same diameter for the seme C,.

bodies. The slipstream drag, which reduces the
efficiency, is greater for the radial engine nacelle than
for the smaller liquid-cooled engine nacelle. On the
other hand, the hub and blade shanks have less drag
when they are located in front of the blunt nose of the
radial engine nacelle than when they are located in
front of the liquid-cooled engine nacelle. If & spinner
had been used for all the tests of the liquid-cooled
engine nacelle, it is clear that the peak efficiencies
would have been higher than those for the radial engine
nacelle. (See spinner results.)
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Fraurr 40.—Comparizon of propeller charaoteristics for two body conditions,
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The take-off efficiencies are consistently higher for
the liquid-cooled engine nacelle than for the other
nacelle. It may be noted in every comparison (fig. 46)
that the thrust curves for the liquid-cooled engine
nacelle reach higher values of (7 at the take-off con-
dition than for the radial engine nacelle. This effect
results from a difference in air speed over the two bedies.
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Frcuex 46.—Continued. Comparison of propeller characteristics for two body
conditions.

The liquid-cooled engine nacelle slows down the air
to a lesser extent than the larger radial engine nacelle
and the blades do not stall so quickly at the low V/nD
values. A rough estimate of the differences in mean air
speed through the propeller disk for the two bodies can
be made by computing the relative velocities for zero
thrust. The greatest difference in velocity noted is for
propeller 1C1-0 and amounts to about 7 percent.

CONCLUSIONS

The results of the tests made at moderately low tip
speeds of five propellers indicated the following con-
clusions:

1. Propellers operated in front of the liquid-cooled
engine nacelle had higher take-off propulsive efficiencies

than when operated in front of the radial engine nacelle;
they also had higher cruising efficiencies when provided
with suitable spinners.

2. Spinners mounted on the liquid—cooled engine
nacelle not only reduced the drag of the body but
reduced the drag of the propeller hub and shanks as
well. The propulsive efficiency was increased a maxi-
mum of 6 percent for one condition.

3. A propeller with airfoil sections extending into the
hub was more efficient than ouae having round blade
shanks when tested in front of both the radial and the

liquid-cooied engine nacelles.

4. A thick propeller having a Clark Y section was
found to be more efficient than a thin one for the take-
off condition, but the maximum efficiency was possibly

slightly less.

5. The order of decreasing efficiencies for the cruising
condition for propeller-blade sections of 0.07 thickness
ratios at 0.75R was found to be: Clark Y, N. A. C. A.
2400-34, and R. A. F. 6, but the order changed to
R. A. F. 6, Clark Y, and N. A. C. A. 2400-34 for the
take-off condition for propellers of the same diameter.

LaNGLEY MEMORIAL AERONAUTICAL LLABORATORY,
Natronar Apvisory COMMITTEE FOR AERONATUTICS,
Laxerey Fierp, Va., November 23, 1987.
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